Abstract. In this paper, we are going to study the capacity theory and exceptionality of hyperfinite Dirichlet forms. We shall introduce positive measures of hyperfinite energy integrals and associated theory. Fukushima's decomposition theorem will be established on the basis of discussing hyperfinite additive functionals and hyperfinite measures. We shall study the properties of internal multiplicative functionals, subordinate semigroups and subprocesses. Moreover, we shall discuss transformation of hyperfinite Dirichlet forms. Classifications (1991). Primary 60J25, 60J45, 60J57, 60J60; Secondary 03H05, 03H10, 31C15, 31C25.
Introduction
Probabilistic potential theory has been a very important part in the study of standard Dirichlet space theory. It establishes a beautiful bridge between functional analysis and the theory of symmetric Markov processes. It gives us probabilistic interpretation of potential theory. Many applications of this theory have been found, especially in the area of mathematical physics. Our purpose in this paper is to develop potential theory associated with the hyperfinite Dirichlet forms. The motivation is twofold. On the one hand, we would like to establish a relationship between the standard Dirichlet space theory and the hyperfinite counterpart. On the other hand, we are interested in the theory of hyperfinite Dirichlet forms itself. We hope to construct the completed theory system for hyperfinite Dirichlet space theory. Besides, we have studied infinite dimensional stochastic analysis extensively in recent years. It is our hope to find some new and powerful machinery to deal with the problems in this exciting area. Maybe the nonstandard analysis is one of these methods. In fact, we have utilized our theory of hyperfinite Dirichlet forms in the study of [6] , in which the important construction of strong Markov processes associated with quasi-regular Dirichlet forms has been fulfilled by using the nonstandard analysis language. For another method of construction, the reader can refer to [4] .
The study of hyperfinite Dirichlet space theory was initiated by [3] . First of all, the authors introduced the frameworks of hyperfinite Dirichlet forms. When the state space is a hyperfinite subset So of*Y for some Hausdorfftopological space Y, they established an one to one correspondence between the family of hyperfinite Dirichlet forms and the family of symmetric Markov chains. Furthermore, they obtained hyperfinite lifting C(., .) for every standard Dirichlet form E(., .). The standard parts of hyperfinite Markov chains have been studied in the work also. In fact, some aspects of our potential theory have been considered by the authors, such as exceptional sets, Feynman-Kac formulae, equilibrium potentials. However, we shall study potential theory of hyperfinite Dirichlet forms systematically in this paper. New concept and method will be presented as the paper develops. Now let us talk about the arrangement of this paper. In Section 2, we shall introduce the framework of hyperfinite Markov chains and associated Dirichlet forms. The authors of [3] have given us a definition of exceptional sets, which might be too restrictive for certain case. Therefore, we define this concept in a new way in Section 3. Moreover, we introduce capacity for the hyperfinite Dirichlet forms and show that it is a Choquet capacity. Furthermore, we establish a relationship between the family of exceptional sets and the family of zero capacity sets. In Section 4, we consider positive measures of hyperfinite energy integrals and associated theory, that is, the connections among hyperfinite excessive functions and hyperfinite potentials. The zero capacity subsets will be characterized by the language of positive measures of hyperfinite energy integrals. In Section 5, we introduce internal additive functionals. The relationship between hyperfinite measures and additive functionals will be considered. Moreover, we obtain the positive hyperfinite measure/z(,~ / (i) associated with an internal function u. In Section 6, we get the Fukushima's decomposition theorem under the individual probability measures Pi, i E S0. This extends the work of [3], since they have completed the decomposition under the whole measure Pro. In Section 7, we will discuss the properties of internal multiplicative functionals, subordinate semigroups, subprocesses and a Feynman-Kac formula. The motivation of this work is the similar standard theory developed by [5] . Moreover, we hope to study perturbation theory of the hyperfinite Dirichlet forms. In fact, a subject for our future research is the hyperfinite perturbation theory characterized by the language of internal additive functionals. In standard Dirichlet space theory, we have been interested in such question: could we change a non-conservative symmetric Markov process into a conservative one? [8] answered this problem by using Girsanov transformation. In Section 8, we show that this problem is quite simple in hyperfinite settings (Theorem 8.1).
It is well known that in the standard Markov process theory, we can study potential theory in the case of non-symmetry (refer to [5] ). In fact, the symmetric condition (2.3) in Section 2 is not necessary in the Definition 3.1 and Definition 3.2
